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A ~en~iti\'l' mtt·ronwthod lur till' ll~~•Y ul prnlyl hvdru:wla-.t ll'llt •Ill t·oz,·mt• t·~•t•ntiallPr 
I ht• hio,;ynt he,_i .. nl cnllae:en. ha .. hl'en cif•\ t>lnpNI :tnd u,.ed tu a""""'" It•\ rl~ ol tlw l'llt.~· mt· in 
~mall SJU'OIIll'n" nl normal nnd pathnlol(k -.kin H\ empluyinl!' n -.uh,.trate hil!hl,) lnht>lt·•t 
with :1. I·'H proltnr und ll rerlurNl reat•tiun vulunl('. Wl' han- inrr(·a,..l'd tht• ~<'n:-itt\'lty nltlw 
ll!.sny hy .tpprmirnau:h thirt)fi,ld. 
' l'hl•ll•\ l'l~ ul PH in humun ,..kin "<lr.' h) ~itt'. Acli\lt\ In trunk -.kitt, tor C'l:llmJlll', ,,.. , ''l'i I 
erahl~· htghrr than 111 lonarm -ktn rln1,.. 'lie miltdH'd Cllllrul~ 1n• ,..,,.u1tml ,,Jwn 1,...,(.,.,. 
lllg' Cll/\llH! lt•vcls in chst•a\'e "llllt•s. lnltltr<tltcm ol tlw hwp~\ :.ill• \\ith xvlor.tilll' rf:'duu• .. 
PH ac:li\11~ tncltt•ming that n· ult;. ohtauwd lr111n "Pl'l'lmt·ns u>ntaamn. •1 lolal Jnt:--lht-111 
must hl' intc•q>rett·d \\ith mutton. 
Prolyl h~·druxyln"l' ll'\ l'ls in psoriat il' lc:.iun" art nppro:o.i rnatl'ly tuurtold l!fl'illl'r 1 han 
tho,.£' in normal wntrol nr unin\'nh·£-d Jl""riutie ~kin ::.11wt· tlw n>llllj!t'llt'lll\l~ntof p-.oriatic· 
.;kin j., 111 ·rmal, inrrt':tM·d turnm C'r nt' c•nllag£-n in p~nr "''" nlli) he pre-.l•nt 
Thto t•n7..\ nw prnh I hwlrox~ ln"e tl'lll ratal\'7l'" 
the hydrnxylnt ion nl proluw in na.,n•nl Jl<'Jil icll• 
chain" d~tim·d tc> h<> rollnl(l'n Thb l'ntyrnl' ha~ 
been c1t•mon~t rnted hnth in unimal nncl humun 
skin II :q and ti,.sue )('n)s ol PI! han· het•n 
correlntNI with the rulE' ol l'ollugen s\'nlht•,..i .. in 11 
numh<'r ol l'XJll'rimt•ntnl """ll'ltls II 71. 
Thl' potential impnrtnnn• ul deranl!cd l'llllal!l'n 
bto!'.\ nth~~i,. in rNIIIin pathulngit• pwrt',.;;t•:-
invol\in~ the ~kin makl'~ it dc•sirahlt• lu hun• 11 
reliahlt mel hncl fnr I ht JHl'<'l"f detl'rminat ion nl 
PH in ,.mall stmpl~ ol human skin. A maj11r 
dillirulty enrnuntl.'red tn tht• measun•ml'nt ot Pll 
artivitv 111 hun111n skill. hni\P\'t'r, has hl't•n tht> ln11 
level of enn me Ill' I ivit\ in nurmal adult t '""Ill' 
1111 ... wupleci \\ith the I:H't that thea'~'Y"'-'''t'ms 
presentl~ 8\'ailnhlf' arr r.1ther in~t·ll' .. itin· and 
requtn• largt• 1 is Mil' S!l mple:;. ha,. mad!' tlw prnhlc•IJI 
of as,.bsin;: 1 ht• clitferenre in I'H It•\ el,; het" t·t·u 
normal and cli:-l'a"t-d ~kin mo .. t dillkult . 
ln order tu uhviat e thew problem.. we huH 
den• loped n ><t•n .. it i\'P mkrunwthnd lor I he as~ty ul 
PH whi('h permit,. an accurall• d<'lt·rmination ol 
the ll'\ t'l:; of thi~ em:vml' HI normal human ,.kin. In 
addu mn 11 abo hu .. ·been pns,ihle to dcmnn~t ratt•, 
for the ftrst unw, murkedh• t'lt·,·uted lt•\'l'b oil' II in 
psoria .. is. a di:<Nl"t' urdinarilv tlulriH'Il·rized hy an 
8t'Cl'il·rated mtt• of epldt•rmal cdl proliferation 
rath£-r than ll\, innea:-ed ,·olln~en turnover l'hh 
ha:, ht•en ('ompnrl'd to PH ncti\'ily in keloid .. and 
:\l.mu•rript Cl'tl'tH'<i Auxu~t li, 1972, in rt'\ '"'! l•1rrn 
Septemher 2.5. 1!172: acc~prrd lor puhltcnllnn 'il'Jll',., 
her :W. 1972. 
This in,esti~:utinn wos suppurtcd h~· PuhliC' H1•ulth 
Sen·tcc Heseonh l.rant!> Al\1 I I ~and ,\\1 tl.'i61l ''""' 
the ~ational tn~litute ut ,\rthnt•· and ,\l~tobolu l>t • 
ea!'l'!o 
• From tht' Oh.binn of Dt>rrnlltult>l()', llt•part nwn1 nl 
Medil'int>, \\'u~hington l ' ni\ cr~ity !·khuol nf Medinnl', 
St LoUth, \h.-souri 6:U HI 
:-derudermn, nmdit ton~ knm\ 11 tn ailed :-kin 
rolln~l·n . 
\l"lf:KI.\1.' "" \\Flllllll"' 
~''•'flllmlwtt uJ t•rolocutltJ~•·•r .. ul,..tnrlt• Ft>rnur~ and 
1ihia~ l'rnm l'h lll·dii\ ·old chu·k l·mhnn• were 
prl'inmhntl'fi l••r 15 min al :\7 111 r. ml 111 a nwdtlil'd 
Krclos Htn~l·r huller (Ill r.<>ntninin{! II) • :\1 
..... ··ntn~mhl 11nd t:·"··cti "''h !!a o,..s-; co •. :IOU 
11<'1 nl .1, -l 'II prc•ltnt' I·LX <'•l tn~l l~•·w l':n,dnnd ~u­
drnr I "l'f(· nrlrlt•rl and 1111' ltll'llhat ion runtinul'd lur an 
arlrli1 innal Cl(l rninutP>o , ' 11u· tla•ks \\l'rt' plnn·d t•n kt•and 
thl' hone- I rom •~1ch a1,,,k hurnQlleniwd 111 .:a ml culd 11 o.·, 
i\1 l'rt' IIC'I. pH i >, c:unt.rimn~: I ~I ;:\'.11"1. und 11112.\1 
KCI. nne! e~trlll'll•rllnr !lll min 111 1° [!1). The cxtrnfl wns 
r~nlrtfUJ!Pd and thl' -upt·rn.ttunt lr.u·tmn dinhn·d 
rxh:tustl\ eh IIJ!;Itnst dtsltllc>d water Th .. ,.uhst ra1~: 
~oluli•m~ thu' p-rt·pan·d ,·nnuum·d ht-t'H't'n 1.3uncl 2.~ • 
Ill" rpmiml nntl had JHt•lt·in t·nnc·c•IHral inn>< uf 
UJ1Jif111limntrl\' !1,."> m~/ml. Tlw suh~tratt• "n' stnhlc lur at 
lenst li months .11 1111". 
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.\n npproxun.lli~>n ul tht• •• mount nt e,st•nlinllv 
unhnlrnxyloh·d , . .,lllll!t'll in thl' •·ntcf•· t·Xtnll'l!i wo~ 
ohhunrd hv mnahuting I.Uml .altqunl' nl the 'uh~tntte 
~uluttun,., wnh 10 .111! ••I purific:d ll<lt'H·rial cull:IJ!t"na<e 
1\\'flrthingtun CJ.-;PAI fur 1.'\ huun< nt :\7", alter \\hkh 
the mu:tur~ "·'~ <lutl~71'11 ,,It"'"'' ,",() ml .. r \1.11lrr. An 
ahttUill uf th•• dinlvs;ll..- \\3!> "'..U)'t!d lur ntrltnacti\ ot y in a 
liquid ~rim illnt ion ~pertrunwtl'r, 
Ali(luuts 11f lillh"'t rotc: \\Cfl" us,;a\ed lor trtltum .(alwled 
hvdrux\'prnlinl' hv the mrthud ut 1'(•1crk•1f~k\ and 
Pr•~t·l.up [IIIJ ill!t·r h\'drol~&i~ in II~ ll!'ltor II- hours <tl 
lf•O l'ruH•trl \Ills dl't£•rminl'lllw th~ nwthnd ul' l.nwrv et 
al Jill using crv.,talllm• l><"·in"t- '~'1'\lnt ulbumm 11~ . the 
.,UIIHUlrd prutl'in 
\'<II'• of pru/y/ lr.~·dnJ:r>·ln.<•' ' lbt· at-.~1\ ll't'd til thi., 
Much '"' a mndific-nl iun uf thut nf llullun t:l al 112). in 
whtrh tritiotNI \I.Uicr i• ~luit·htumctnnalh· fnrmcd wht'n 
JWJlluhl :1, t-•H.prolim· j, h~clr.>l.) lat~rl hy I' H. A 
,tnndard rnhtun• <·unt:unrd ll 11'7;; rn\1 F,• (~H .•~SO ,t,, 
0. I m~1 dtth1uthn·itnl. I ~~· mM u~rurlune, o.!l mM 
alpha kctu~tluwrotc. U.l l\1 I rt~ IICI. pll i .2. a s.tluf u 2.!i 
ml( rnl l'&talu-1' ISi~:ma ( 'htmu:ul (', I M>lution, Ill!) .ul 
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suh•J r.llt>. unci HNJ ,.1 tnn lilt' ~o~•lut iun 111 a 1u1al ,·ulumf! nl 
2!,!1 ,.1 . 11w mixlurt~ \Hrl' mruhaH·ri at :li lnr ~~ 
mmtHt'' :Jnli lh(' r.,lll'liun .. tnppNI h1 add•nt• •• ml ur 
in· t·••hl fl.fll \1 EllT,\ lht t'nlirt' n·;~t'IJIIII IIIP•Iur~ wu~ 
\ 'llt' U\1111 d•~••lh·tl 11:!1 ami 1111 ah4U111 ul Jill tli,tilll'd 
wah·r uddt•tllu Bra\·, -.ulultnn p:·lj lur t'nUilllll,. 
l'r· ·parat1ur1 of hum1111 ,J;,n f•Jr a.,-o) . s,,., imt·n• "' 
hurn.1n 'kin lrnm healrh\ ,·.,luntt<·l" v.t:rt' .. tumnt?CI h~ 
pum h hwp .. ~ llnth 11 !i 111111 punrh hiuJl'' lor I'll/\ lllt' 
dt•h•rmtnullllll~ . nntl t "" .. t!Jatl'lll :!·tnm pund1 lunp-.u; ... 
lur rin· IHII!III , c·ullnl!t' ll tnrii>'\A t·nntt·nl \\t•ro·tnkt·n in 
ull 'uhtt't'b Fnr '"Ill(' HJltrllnt:nl' •kill v.a .. uiiiiiiOt'd h\ 
surlllt'•ll t•xdsinn under npt"rallng ruurn nl!lclallnn,. 'Tlu-
~kin wns "''i)!hl'tl. 1111111 l'tl linl'ly "ith ,,., ... .,r, and 
hnllllll!t·nill'!l 11111 t~mn·rll rat inn nl ·•JlpCn"timah ·lv liM I Ill!! 
ul '''"ut: per 1.11 ml nl it-•·· ··uld l.'l<lri!tl ion hultN CO.II:! \I 
Ira• HC'I. pll, :1,11.1 :\11\('l.andU.I m\lchthinthn•ttult 
thlllll 11 l'nl\ 1 rnn hurnujll•nlll'r I Bnnkmnn 1111,1 nllll!'nt,..l 
v.tth 11 I'T Ill S'l gentnatnr, lur i "l·t·nmb 111 .tn mH·n~il\· 
nl .1 T'h~ rhttlt tnt hnmul!t·rullt• v.as n·nl rtiUgt·d .tl I :!,I Mil) 
• J! lur :.>11 minute' .11 1° unci I hi' 'up~·rnat.1nl tt<,•d lh thl-
t'n/~rnt· ,nJutiun. 
Thl' duplil-utl' :!·mm hiup,y -.kut 'IWI' imt·n~ llf.'rt' 
dl'tnttt·d m nt clune-. dw·d al !Ill• 111 ttn ,\hdt•rhalden 
drnnl! nppamtu' mer 1' ,(1, tor .!1 hnun, nnd 1\l'al(h('d 
Onl' , .. amplt•\10' hvdml\tHIIII II\, II( 'lu\t·rna~:ht .11 1!10" 
und h\drux1pruluw nmlt•nl dl'tl'rlllllll'd l11 tlw nwthud 
ul H<·rj!mnn and I.Hldt·l 11·1 ('ullilRt'll rnnl1•n1 v.11,.. 
ntlnalattod ll"'urnmg 1.1 pt>H em h• rlro\\ llfulirll.' h~ 
\\l-IJ!fll 'lltr l'l'llnd "-1RIJlh \Ill• hnUirtj!l'lliti'IJ 111 5"' 
tndtiPran·tu Ut'ttl <1nd tht· 1>:"\.-\ l·nntt·nt dl·lt·rmtnt·cl h1 
llw nwlhnd nl SunluUI11111 .mel Avnlu 11111. 
Crud£· nil lunj! PII "'" uhtuuwd l11 hnn\III(Niitinl! IIKI 
mK ul adult t't·malt· mt lunl( p£·r ml ••I t•xt nu·tion hullt•r at 
u• Ill II ~111"\ ltll Omm rni~£·r (han "'ioJI"\all, llll'.l 81 
11\0~IIIIUIII ' Jif.'l·fl {cor 11111' IIIIIIUI£'. I'IW JIH'()IInlllnll \\ll" 
rl'nlrduJ(l'CIIur 2U minu1c•" HI 2';'.tl1Ml I! 111 I 111111 lured 
Ill fill 
ltbltn; 
l'he ... uh,..tnll<' solution ust>d in the-,£· "tlldil'" had 
a prutPin t·o nt·£'nlr:tll"n nl :;on Ill! rnl and 
rnntained :Ui--1 • 111" qml ml ·fl -pruhnl' Of thbl-
count-.. IIi p£'rC£'nt wt•rt: rE.'lt-tt-.t•d b~ luu !trial 
t•otlngentbe and le!-.s than :! pt>rcent of the 
t·ullal(t'na ... t• .-.u.,cl:'pt ihlt• radinat t I\' It' wa;. pre,..ent 
m hydrox~·prolint- lnl'ubat ion ol' thl ... uh>.lntH• fiJr G 
hou~ wtth n t·rudl' prep<~rntron of prnhl 
hl'drox,·ta-,e frum rut tun~: reh:a:-ed IO.'i p~·rt'ent ul 
the culla~tenaM'-~U"fl'Jll ihle t·uunt... a;. I rat inLed 
\\111 ('T, 
TnP us:<u:-.: ,,.. not lirwar w tth re~pl:'l:l 111 tllne. 
deporting from lint>arit\ bv onr hour. us""" tht• 
cn!-.e in tht urrgmul ~~~~'' ... \',J£'rn repnrlt>d hy 
Hutton l'l at ll:?l. SintE'. hu\\PH'r, thr o,..S!I~' i~ 
ltn£'ar wnh respN·t to prot em rurH'E'IH rat 11111 up w 
I:ZO Ill{ I Fig 1. less thun I:ZO 1-11: nt t'lll\tn£' protein 
wa!'o u.,sayeri in alll<l!W,. w a ...... un• a ltnenr ri.' ... Jltln;.e 
Rat tun~: \\a;. lnuncl to he a rel inhlt' and ea.,ih 
act•t•ssrhlt> ... nun·t- nt hrgh prnl\'l hydrox\'la:.e 
actlvrty fnr use in mnnituring the chorad£'rt;.tic'-> ul 
I he a..,suy .,ystPm Crude rnt-IUIIJ! PH was U,..l'ful a,.. 
a dail\' m((•rnal standard tn in,url.' thai tht' assay 
drd not rhange :.il(nrfln•ntl:o. nver nn e'tttmded 
period of time. One sut'h rat lung preparatiun 
rcll.'a!-.ed Hl.!l8:! t·pm/rn~: prntt'in with u ranJ{e ol' 
"1.·100 tu !.lh.f)()(J l'Jltll / 1111! m·<•r a pl•riod nf t\\u 
Ill !lilt h .. 
ln th<· -,tandard a,..stl\' s~·!-.tl'rn u,..rd 111 this stud\ 
t ht \ ulumt• n! t h<· rNtt·trnn mi \l un• \\'II'; reduced 
lrum approximatt>h !l mi. <h orr~:tn.dh· emplu~£'cl 
h\ Hutton 1.'1 al(l~J. to a tutal \'olunwul ..::'!!l~-tl. 
' I h1s \\II'- (' .. sential sint'C' w11h the l ml rt'acttun 
rnnlurl.' onh a smull and \·arrnblt n11mhrr ol 
rount,.. v.t·rt relt•:hl'd u;.ing h11rnan ... kin a" an 
tn/) nw ..... un:f:>. Tlw -.penfu· nt·tivit\ ol normal 
human skin Pill\ ntt' JUPparat ion-. in a :1-rnl 
int·uhat ion wa~ [ilili t 188 t·pm n•lt>Hwdlm~: 
£'1\/)'rn£' protein. \\ht·rt•u ... u,in!! thl• :.!.~:i·pl rl.-al·uun 
m1xturl' -.p£'nfit'<H'tl\it\ r""' '" 16.!11' ._~liS cpm 
n•lt'n"Nl Ill~ prot I:' Ill llll' rt•HstnJ:, the s('tll>it i1 ity ol 
lh<• a ... sn\ Ill' npproxtllltllel\· thir1\'fold 
Humrzn 'k 11 pmh I h .-dr•J:n ln."'· Tlw ltncling hi 
l 'i tlul.'t nll:lj. that tlwnHnhination o! ... unicatinn 
and hnllliiJ!I.'nilllt ion with tht' l'ul~ 1 ron 
hurnngl•n iter i;. t Itt· mn~ t ('!til' ien t met hod lor 
t·xr met in~ PI! I rom human ... kin "''' l'nnhrm<·d. 
Th£• u.,l. of 'lllliralll111 <~lonl' or ~:Ia.,-. glas' 
hnntfll!t'nimtron t·an rc•-.ult in !1 n•clm·ticm of 
l'nzynw ,(('II\ II\ lro111 11 gil'£'11 pi<•t'P nl .. kin hy a,.. 
much ,,.., ltl perc·t·nt . F> .. t ract:-- of punrh hiop,.ll''• 
\H·h:hing Ill 70 mg. nlllurH:d I rom hC';rhhv nmt r"l 
"u hjerb roullnt·ly rt'll•a!-t' 1 Wt' 1 n r hrt·e thuus.tncl 
t•ounts ' mm a~ tritintt•cl walN 111 tlw modified 
u-,,.l\ .,,.,..,l'tn 
As pre\'iousl \' r<'port ed lor ut her prnh I 
h\'droxvlu,.,b 11:.1 I :1 1 the ('111\fne nhtaim·d frum 
humnn sk1n requrr<·:- nlpha kc•tug-ltrlarme. lt>rrtlll~ 
1un and a,..rnrhtl und for at'll\lt\ t'J'ahle 11. 
I>Jth1nthreitnl and t;llalase flo li I mu,J tw adrlNI 
to tht· im·uhatwn rnr'\tun• to rn,urt• maJo.imal 
1.'11/\ mr a<·li\'ll\' rt'ahle Ill l tli'III;.Htn ol 
100 1?0 1~0 
qlZlME PROTEI:) lj'O ' 
FIG. l'rulyl hydrnnln'r llt'll\'11~ os u function ul 
prnlrtn t·unt'entnuwn The enl\'mt" pn•1mn11inn v.a• 
nhuunl'd frnm a "'"flit n:lrcHillln nl hum•tn 'kill Ah 
quut~ t'nnl11111111)l rrum .iU lu 1:!:! p!( pn•ltlll were 111\:ll · 
h.11ed tn lhf "tanclnrrl Tl'<lt'tiun mlltiUrl' l'cl Mater~ol.• 
and M••thndsl lor llll man 
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TABLE I 
Cofactor requrremenl> for proly/ hydmx:l'iaw from 
human ~krn 
llea<·t inn m1xture C J>m/m~t pn•tem n; Control 
-~--11~-- --
Complete' 
Fe omitted 
fu.corbate omttted 
n -ketoglutarate omiued 
:J,4-'H prolinet in place of 
substrate 
Heal inactivoted enzyme* 
1:\.900 100 
~.i90 20 
l ,i90 
0 
0 
1.960 14 
• Componrtion of the compll'te reliction mixture and 
the aSliay pmcedure used a re described in MaUr~als and 
Method.~. 
t 2.26 x 10• dpm 3. ~- 'H proline werE' addPd to the 
reaction mtxture. 
*The entyme was inactivated by heatin~ at 100" for 
10 min . 
TABLE II 
Effect of dithiothrettol WT11 and catalase on the 
actrl'it.' of human 'krn pro/vi hvdro.ry lase 
- ---,-
Rrnctlt>n rni•ture Extrouinn huller cprn/ mjl '> pwtem Control 
CompletE' Complete 19.:100 100 
DTI omitted Complete 16. 160 ~· Complete OTT om itted 10.600 ;)5 
mvr omitled D'IT omitted 6.1i:l0 :1-1 
Catalase omitted Complete 11.900 62 
- '- - ~ 
dithiothreitnl in the extractton buffer results in a 
greater yield of proivl h~roxylase during 
homogenization: om tss1on of dithiothreitol 
produce~ a decrease in acti\ itv of approximately 
50 percent ( 19.:300 cpm/mg vs 10.600 cpm/mg). 
Bovine serum albumin. wh1ch hae:; been reported 
by others 1161 to stabilize PH. was without 
beneficial effect in the assay system for the human 
skin enzyme. ln addition. the enzyme is capable of 
catalyzmg hydroxylation of only peptide-bound 
proline. 
Skin PH is stable for at least one hour at :\7° and 
is almost tota lly inact ivated by boiling at IOOg for 
10 min. Activity of the crude enzyme was optimal 
between pH 7. 1 and 7.:!. 
Of importance to these stud1es IS the hnding 
that prior inliltration of local anesthetic into the 
a rea of skin biopsied decreases the activity of 
prolyl hydroxylase. Th1s inhibiting effect was 
noted e'•en when a l -inch annular field block was 
used !Table nn. This effect was abo detected in 
vitro when the local anesthetic was incubated 
directly with the enzyme. Us1ng 0.05 to 0.1 ~ 
lidocaine, enzyme activity is reduced by 19 to 61 
percent (Table IT!). 
Prolyl hydroxyla.~e actwit:> in normal sk1n. 
~ormal human skin from :37 healthy subjects aged 
20-70 years was examined for PH activity. Since 
local anesthesia was not used in performing the 
skin punch biopsies. younger age groups were not 
included in this study. Using the assay system 
described. Si{mificant PH activity can be detected 
readily in normal s kin (Table IV). PH activity in 
trunk skin from controls 20 to 29 years old was not 
significantly different, using Student's t -test. from 
that of controls 30 to 70 years old (p value > 0.2). 
However, regional variations in enzyme activity do 
occur (Table IV), with skin from the trunk having 
significantly higher levels of PH than skin from the 
forearm (p < 0.001). 
Prolyl hydroxylase actiurty in psoria.~is. The sktn 
from nine subjects with psoriasis was examined for 
PH activity. In a ll cases, s pecimens were obtained 
from relatively chronic psoriatic lesions that were 
present for at least several months. In each 
instance the patient ser\ed as his own control with 
samples of skin being obtained from uninvolved 
areas as well as from the typical cutaneous lesions. 
The uninvolved s kin was taken at a site 
approximately :1 em from the biopsied lesion. 
Table V shows that the uninvolved skin m 
psoriasis contains levels of PH which fall within 
the normal ra nge . In contrast , activity 1n 
speci mens from the psoriatic lesions is elevated 
TABLE 111 
Ef{f!rt of local anesthetrc on pro/.vl h\droxvlase actrlrty 
rn normal human ~krn 
lnJefted lnl'uhatu>n cprn l m~t 0: 
mediUm prntc10 t'nntrol 
----
Exp. I' 
rn l' l l 'a 
:-Jormal saline 18,200 llXl 
2"f lidocaine 12.500 69 
Exp. lit 
rn L'r/ro 
;-.;one 29.000 100 
2r, lidocame R,:160 29 
Exp. lilt '\o lidocaine I MOO 100 
0.11.')" lidocaine 11.500 61 
0.10'1< lidncaine 6.AAO ~9 
-'--
• Skin biopsy specimens we re obtained at a d iMance 
nf approximately I em from the inner marttm of nn 
nnnular field I inch in diameter The field was producc:>cl 
by the intradermnl IOJl'Clion of approximately 1 ml nf 
erther normal sahne or 2" lidocame. 
r 0.2 ml of lidocaine was injel·ted intradermoll~· into n 
~ur~rcally excised spec1men uf normal skm. The us~ul' 
wos subsequently extracted a nd ns~ayed as described in 
Mat f!ricrls and M ethods. 
*Skin extracts were mcuhated in duplicate 10 a rene 
tion mixture to which lidocaine:> was odded a nd as.~aved 
ns described in Materials and Methods. 
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i p • U.tll.ll 11"1111! :-.tuth•nt ', l · h·'l "ht·ll PH \llhlt·" lur lun•.ITmt.kin un• t'IIOI)Mrt·rl lu 1nml. .. krn 
I'AHI.E \ ' 
o pm m~t prulcin 
P ... uria .... i~ · 
IO\llhl'd '1.-... :1 illl."lt 1::!11 . ·~.:! 
1~1 < 3:! 
... . ;;,; 
... -:;t)! j I l:!rfi 
IIi:>" t IIIII 
• '-~ftr.t) 
l Jnin"'h t•tl I %!1 2~11 ;:1 
1\1 lmd 
Sd.-rt~d•·rrfla 
rrunk- rhruntc• 
,,·,,·,.u-;:l 
,i.i711 
1.~1!11 
1,1 111 
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Fort'ilflll a nil t' I :!~.litH I lfrliCI 
• \ 'nhw,. t.:\pre"t·rl , .. \lt·.m "' 1:-. ('lillltlarclt•rr••rl 
\\ 'ht.:n , . .,IIIJI.1n·rl In nurrna •r 11111\'vuht·tl p•nrutti.' •1..11\ lht t1111 . t o~rt ~igmlt<'.llllh drllt·rt·nl , (I 
~turlt-nl ' 1 lt'l't 
II 011 I, ""lll:: 
mort• than thrl'l'luld lp < 11.001) \\ht'l1<11111p.m·d to 
nml rol ... km 
J\s mi~hl lw expc•tlt•d -.inrt· Jl"oruttir lt•;.ion,.. 
rnnl<llll h\JWrpl.htlc l'pldt>rnll' tlw tow!!)".\ wa,. 
l!fl~llttr lrnm tht· imoiH·d -okini~O.:H ._ I :! .1'1! me 
dry ''<'igho than trwn rhe all)nt·t•nt t'lllllrnl ilrE'a 
t~UI:I ~ I 111(/ mg dl'\ \Wlghtl Furt lwrmort·. 1 he 
dnta ~Ugge"l that tht· 1),,\ ClllliC•Ilt ul lllllll\11(\·pd 
p"uriatil- .. kin 1" htl(ht·r than that nl nurmnl nmcrol 
:;kin 17.x ll.:i Ill! ml! dry "eil:htl. h~· 
npproxtmtltl'h :lfi percent. Thi .. appart'nth 
llt'eullnt!'. for the '"ffit•whal lm\'(•r PH \'lllllt' ut 
u11irl\oh ed JbOrHllll' .. kin wht'll t'\prt-~ .. t·cl pt·r .1'1! 
[)"A In c·untro"l tht• rull;tgen l'ltntt•nt lur ht•th 
rontrob unci p-,oriatit· l£•,.,u•ns wa,. the ,..uuw. tht? 
rr-.peetiH' nwun \ illtw .. hvtnJ! II II ll,ll."i <lnd 11.-1:... 
• ll.Ofi mg wllagen Jll'r 1111! cln \\ l'IJ!hl . HL'I!II rcllt•,.s 
of llw method u,.ed tut•\prc;.,. PIIIH'll\"i ly {JJI'ntrin 
rorH'l'lltralion. D::'\A l'lll\tcnl. or tollugl'lll'tlllll'nll. 
ac·ti\ltV 111 IIH· J>;.nrwtu· plaqut> '"~'- "il!nilkanlh' 
t·lt•\'111 cd "ht•n c·ompawd lo udjan·nt t'UIIl rot-. 
Tlw .. t· dat•t arc 111 nmtm-.t tu th•~-.t· ul l tttu c.>t at 
jlH[, '' holo11nd no .. uch mcr<'n~<· tn Plf 111 llw two 
p~nnut 11,. ,., ucl ied. and may lw a rl'llt't't inn ut 1 he 
dt!ltrtom'l' 111 .. l·n .. iti' il\ nl the a-:-av w:-tl'm,. 
t'mplmE.'d. 
AlthuuJ.(h 1t \HI:. not tlw rnnJttr purru"l' ul thl .. 
;,( udv Ill """l''" PH .ll I 1\il\ Ill tht.> ,.kin ul -.uh.lt'll" 
\\ ith .1 \\ich• \aril'l\ ol intlammulur~ di,t'H,.l':-. two 
adult mall pn t i<·nl., "it h d,rnn11 l'tll'tnntou,., 
dNmalllt" ''ere <•xumitwrl Till' lir;.t ... uhJN' t had 
marked h. ltc·hemfwd plaqur .. 1111 I hE' fnrl· 1rrn" Thf 
,.kin I rom tht.> lit·ht·ntf wd are;• nl the lurcarm. "hit-h 
hbtolugit·ulh ,..hu\H'cl 11 psuria .. iturnt clc•rtnatttt,.. 
had nn approxint.llt• luurluld inl'rl'il"l' tn Pll 
al'li\'it~ . :1:-,.ooo cprn n·fm,.t>cl pt•r mg. ,·om pared to 
nnrnml nlllt rol lurt.>arm lt.>\ d,.. , In thl' .. econd 
suhJcc·t unlv minrnwl lidwnrlrc·nttnn wu;, pre,.,ent 
and !-.kill I rum an urt>ll ul rhrunu dermnlttl;. 1111 thl 
1 runk shu\\cd a nurmal It-\ l'lul PH art 1\ tl \ t I ';,;,:.n 
t pm m~: prnH·inJ. 
KdmcJ., nnd ,cf;·r 1d• rmn kl'lu1d .. , "hi< h arc· 
dlllrnl'INIZNI hl.,tnl"~lt'n lh h\· nn npparl'nl 
prultiN;lllnll ol derm.tlt·niiHJ:l'll l W l \\t•rc lnund tu 
l·untam the h1ghl'"' PH :u.:tl\ il\' nl t lw thsea ... l' 
pml'C,,..b Hamim·d 1'1 ahle V1. ·j·hj,.. "n" true lur 
the thrt'l' kl•lutds CX<tlntnNI e,·en thou~h thl' lc:-ton" 
had hl'l'll prr .. ent lur ri1lterent Jl<'n"d" ol lime tli 
month ... 9 rnunlh~. und 7 \t'arsl. Althontt!h lc:,.. . 
protem \\ils ihN\Hcllrmn 1h;ce "uc·cc-.sl\l' keloid ... 
un earh uttempt the mnximum 11111nher rot 
n:lea~hle c·ounh t 1 (' rhe numhcr uf rounts 
rtll•ased h~· an exn•s,., ul mt · hmg PH Ill li hrl wn,. 
rl·:ll'hed and tht• rapadtv n l tht• :.uh,.,lrall 
t''tel't'dl'CI. ·n1i-. Ol'l'llrrl'd HI protl'in t'tlnl'l•ntratiuns 
\\hll·h trum nnrmul human -.kin rE'Ie;ts<•tl h• .. ,.. than 
' 
.. 
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10 percent of the maximum releasable substrate 
counts. Thus, one can state only that the PH 
activity of the keloids measured was at least 
greater than 55,073 cpm relea~>ed/mg. 
Scleroderma also involves the dermal collagen 
[18, 20, 21] and was therefore examined for PH 
activity. Forearm skin from two patients with 
scleroderma of long duration and one patient with 
recent onset and rapidlv progressi\·e disease was 
examined in order to compare PH acti\·ity with 
that in keloid~ and psorta~is !Table Vl. In addition. 
the trunk skin from one subject with chronic 
scleroderma was also assessed for enzyme activity. 
PH activity in the skin from patients with chronic 
scleroderma. whether obtained from forearm or 
trunk, was less than half normal while that in skin 
from the subject with rapidly progressive disease 
was markedlv ele\·ated (Table VI. 
DI~Cl~SIO!I. 
In attempting to evaluate prolyl hydroxylase an 
small biopsies of human skan It was apparent that 
the methods available [:J. 18, 20] did not prov1de a 
sufficiently sensitive as~y for the reliable and 
repmducible detection of the enzyme. Although 
the ideal system for measurmg PH ts that of 
Rhoads and Udenfriend [22]. in which ·•co, is 
sto1chiometncally released frum 14C-alpha 
ketoglutarate, this method requires purified 
enzyme and thus is impractical for clinical studies. 
The limitations imposed by the necessity for 
using small sample~; ol normal human skan in 
thes<' studies demanded a sensitive method for 
determining PH activity. This was accomplished 
by employing chick embrvo bones m a 
well defined system in which •H-proline 1s rapidly 
incorporated into underhydroxylated collagen for 
use us a substrate. Usigg this method, substrate 
preparations of very hign specil1c actint~ can be 
obtamed in which almost hall 14-1.7'11 of the 
incorporated radioal.'tivity is found an collagenous 
prote in. as shown by its susceptibi lity to 
degrndation by bacterial collagenase. In addition. 
the system is highly efficient as evidenced by the 
fact thal more than 10 percent ofthe counts can be 
released by crude preparauon~ of rat-lun~ prolvl 
hydroxvlase. 
The method of Hutton et al. [12]. \\hich depends 
on the release of tritiated watPr from 3H-prohne 
substrate a!i a measure uf PH activit\'. was modi-
fied still further by decreasin~ the , -olume ol the 
reaction mixture from a ml to 255 ~I. This results 
in a large increase in the absolute number of 
counts released by the same amount of enzyme. 
perhaps by concentratin~ the -.mall amount of PH 
a\'ailable in a c;kin biops~• ~o that its <'oncentrauon 
is nearer the Km of the enz\me. The absolute 
number of counts that can be released from s mall 
quantities ( 100 ~I) of substrate IS of the order of 
5000 cpm. Measurement of enzyme activity by the 
release of tritiated water 1s also much less 
laborious and time consuming than other methods 
[3, 18] which depend on the direct assay of 
hydroxyproline. In addition, the amount of labeled 
hydroxyproline in the substrate, while small 
(approximately 1.217t). can limit the sensitivity of a 
direct assay for hydroxyproline. It does not. 
however, influence the amount of tritiated water 
released by prolyl hydroxylase. 
In skin from healthy control subjects no 
significant difference was noted in PH activity in 
the age ran~e examined (20- 70 yrs). There is, 
however, a marked regional difference in enzyme 
activity. with skin from the trunk having 
approximately twice the levels of PH found in 
forearm skin (Table IV). No differences were noted 
in wet or dry weight and in collagen and DNA 
content between the two body areas. The 
physiologic significance of this observation is 
unknown but the data emphasize the importance 
of denoting the anatomical area when evaluating 
PH in normal and pathologic skin. 
An important problem encountered in the 
determination of PH in human skin is the decrease 
in enzyme activity produced by lidocaine. A 
similar effect on lipogenesis was noted by 
Griesemer and Thomas [23]. In view of these 
observations and the tact that only a small amount 
of enzyme is extractable from human skin under 
optimum conditions. enzyme values reported from 
specimens obtained with local anesthesia may be 
unreliable. Perhaps. by employing an annular field 
block larger than one inch in size, the inhibitory 
effects of the local anesthesia on the enzyme can be 
overcome. 
Of major importance in this study IS the 
observation that PH levels in p::.or1asis are 
markedly elevated. Enzyme activity is greater 
than three times that found in the adjacent 
uninvolved skin. In addition. the values for PH 
activity in uninvolved psoriatic skin are well 
within the normal range, indicating that the 
elevated levels of PH are limited to the psoriatic 
plaques. These findings suggest that an increased 
rate of collagen biosynthesis may be an integral 
feature of this disease and indicate that even 
though psoriasis is characterized primarily by 
epidermal hyperplasia and an accelerated rate of 
epidermal turnover [24], a biochemical 
abnormality associated with collagen metabolism 
also may be present. 
fnterestingly, however. the collagen content of 
involved and uninvolved skin in psoriasiS is not 
significantly different even in the face of increased 
PH activity. Although it has not been definitively 
establi~hed that hydroxylation of peptidyl proline 
m nascent peptide chains is the rate-limiting step 
in collagen synthesis. there is endence m 
mammalian tissues that prolyl hydroxylase 
a<'tivity reflects the rate of collagen synthesis [4- 7, 
20 ]. If the increased PH acti\'ity in the psoriatic 
plaque is a measure of enhanced collagen 
biosynthesis it does not appear to be associated 
with an elevation in the total collagen content in 
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the lesion. This could he expluined hv on overall 
int·n•u-.e in utlla~en turno\ier in whtrh culla~en 
degntdatum !I'- well a .. t·nllaJ!l'n hlo:-.vntJw,..l, 1s 
Pnhnnced. Thts pnssihtllty ts currently under 
mH,..IIgatinn. It ma' he. huwewr. that the marked 
elun~ation ot the dermal papillae. a prominent 
ht-.tnlui(IC leature nt p,om1-.i-. 1:! 11. ts rehlll'O 111 an 
1 
enhanced dl'pu-.illun ot collal(en in lucaltzt•cl a rea, 
ot the paptllnr. dermis und ma\· he renet·u·d It' an 
increa-.e in PH acti\lty but nut a:- a -.t~:n tltrant 
inrrl'a-.e in tutul rnllagen t n t hl' spet·t mtm 
The present ~• ud\ also RUIU.tt·~ts that rutuneous 
dt-.nrders a~snt·wted with ltchenifi«.>d skin. in which 
the hi:.tolol(it" lcnture ... arl' similar tn thn~l' "een m 
p ... ona-,b !:.?71 1. 1 .e. epidermul hvpt>rprultlt•r.tt ion 
and aranthosl,, may also liE.' assut·totNI with 
incren,..ed PH ltrttvity Thul this lilA\ he thl' ruse j,.. 
mdit·ated h.' th1: d<Ha trom the one paltent 
t>xamined \\'llh marked llchentltt·atinn. Pll le,·eJ,.. 
m thi-. suhJf'tt \\erf' l'h'\.1led \\hen t•umpared tu 
contrub ur lo thl' pattent 'dth unl\ tlllllirnul 
lichenificat iun 
Of the rutuneuus nhnorrnalittt>-. l x:wuned . 
kl'lmd~ shmH·d the hi~hto:.t leH•l ul PH nmlirming 
tht> result ... nt Cohen et ul 1261. Enzyme univity in 
thl, ll!i!:'Ul' Wll,_ Sll J:C£'i.lt thttl In each l 'll"l' tht• 
rapacttv of thl' ... ubstmte tm.nimum rdt·asahlt• 
rnllnt:-1 \\ill'o ext·eeded de,.p1te tht• ust• ul 
inrr('a~ingh "muller amuunt... ul tht· protein 
l'XIr:tt' tl'd from the keloid lt tsofinterbtthat in 
kelntd t '''\ll', 111 "hil'h thl' runren 1 ntl1on ut 
mllnf.(t>n is oppart>nth normal 11'; 1. PH ill'll\'11\ .... 
extrt>mely high Sine«.> hi,tnlngit· £'\tdc•nl'c· 
ind•r<lte,. thot kt>lmd,. nllltmn t·olln~en tht· hil!h 
le,l.'ls ol PH rna,· rell~:ct the cuntinum~ ~vnthe-.b 
nl t•ollugen tn tht, nnnma\uu-.1\' h~ pert rophit 
wound healittJ: pruet>ss, I he• net result ol whtt•h Is 
••n tnt·reast; in tht· totnl amount of ti-.,ut• \\llh an 
~-.t•nttalh· normal t·nllUI!t'n t"ttna•nt rot tnn. 
Smr1: "~''era I report-. II S, :.!Ill haH• ,..ugge,..ted 
that ;.rlerodermll j,.. u""ol'IHtt>d wtth lllrrt'!l"t'd PH 
Ut' tt\'il\ . thl.' -.kin lrom <1 numltl'r of -.ubjetl,.. with 
,.,·stt·mtt: ..;dernderma was t•xammed lc•r PH 
nett\ II\ for t"nmpamt in· puq)u-.t-o. . It ,,.. ol intere,.t 
· thut tn pattt·nts \\ith long·'-l•tndtnf.(. relativeh 
"tnhll' di ... enM•. PH at:t j, tl' wa" lower than normal 
In a pattent \\ ith rnpidl\' prngn·""" <' sd<-roclerma 
PI! '''"" l'lt•\".ttt·d A It hnugh Ill< rt>a ... t'd rnllagen 
!'.\llthests 1:2~-:1:!1 ma\ un·ur 111 tht> earh• stlll(e,; nt 
,..C"h•rodermu. it dell'-. nut IIJIIWUr to he il unilnrm 
t~alllre durtn~ all sta~t·,. ol the di ... -.:<1!-l'. Tht• 
prl'~l'nt nlN.>rnllion,.. in .. rlerodt·rma putnt out thl' 
net•cl ll•r exammm~ u lurJ.!er numht•r of pa tient,.. 
with the dist'ii"E' at \·a ryin!lllmt• pt>riod-. durtng 11, 
C"nur-P 11 furlht-r tnlnrmatiun un the relattun..,hip nl 
rnlln~:en mntholt-.m to the palhul(en._.,.,,.. ul tht, 
dtMlrd(•r ts 111 Itt> ohwuwcl Perhnps thi" l'Hn h«.>,l lw 
<HTnrnpli ... hNI In the U~t' ol hhruhlusts Ill II'<.."UE' 
rulture a-. sutZ~~ted hy l.d{O\ 1·~2 1. 
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